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ABSTRACT

A 0.002256 scale model of the Boeing Company space shuttle booster

configuration AR-II98I-3 wss tested in the MSFC 12-inch trlsonic wind

tunnel from July 15 through August 3, 1971. This test wss sn extension

of the MSFC TWT 292 test end was proposed to "fill-ln" the original test

run schedule ss well as to investigate the aerodynamic stsbillty end

control chsrscterlstics of the booster with three wing configurations not

previously tested.

The configurstions tested included a cylindrical booster body with

_n sxisymmetric nose, clipped delta canards that had varisble incidence

from 0° to -60 °, four different eft body mounted wing conflgurstions, two

vertical fin configurations, and a Grumman G-3 orbiter configuration. Tests

were conducted over a Msch range from 0.6 to 5.0.
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J

S_Y

Aerodynamic stability and control characteristics of the AR-I1981-3

shuttle booster configuration were investigated during the MSFC TWT 496

test in an attempt to "fill-in" the test run schedule of the _SFC TWT _92

test. However, caution should be taken when using these data in conjunc-

tion with data from T_T _92, as the reference length used in the reduction

of the pitching moment data is not consistent for the two tests.

The configurations investigated included s cylindrical booster body

with an axisy_netric nose, clipped delta canards that had variable inci-

dence from 0° to -60 °, four different aft body mounted wing configurations,

two vertical fin configurations, and a Grumman G-3 orbiter configuration.

One wing configuration had 30 percent chord elevons which could be set at

0°, +i0 ° and +30 ° or be completely removed.

Pitch data were recorded through an angle of attack range from -i0 ° to

60 ° and ys_ data were obtsined st fixed angles of attack of 0°, I0 °, 15 ° ,

30 ° and 50 ° in a _ range from -i0 ° to i0 °. A complete list of the run sche-

dule and the parsmetric conditions is presented in the Dstaset Collation Sheets.



SYMBOL

a

M

P

q

V

P

t0

o

Ab

b

c.g.

S

SUI_C"RXP_

b
1

S

t

SADSAC

SYMBOL

CP

MACH

Q(Nm)

Q(PS;)

ALP_

BETA

PSI

PHI

LREF

SREF

MRP

XMRP

D_P

NOM__CLATURE
General

DEFINITION

speed of sound; m/see, ft/sec

pressure coefficient; (Pl " P_)/q

Ms ch number; V/s

pressure; N/m 2, psf

dyns,lic pressure; 1/25V _, N/m 2, psf

unit Reynolds number; per m, per ft

velocity; m/see, ft/sec

angle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; kg/m 3, slugs/ft 3

Reference _ C.G. Definitions

base eras; m2, ft2

wing span or reference span; m, ft

center of gravity

reference length or wing mean

aerodynamic chord; m, ft

wing area or reference area; m2, ft2

moment reference point

moment reference point on X axis

moment reference point on Y axls

moment reference point on Z axis

base
local

static condAtlons
total conditions

free stream

)
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SYMBOL

CA

%

CAb

CAf

%

%

c!

cL

CD

%

CDf

Cy

Cm

C=

c!

L/D

SADSAC
SYMBOL

C_

CA

CY

CAB

CAF

CIM

CBL

CL

CD

CDB

CDF

CY

elm

CLN

CSL

L/D

NC_CLATURE (Continued)

,.Bode-Axis S_stem

D_INITI_

normal-farce coefficient; normal force
qS

axlal-force coefficient; axial force
qS

side.force coefficient; side force
qS

base-force coefficient; base force

qS

-Ab(_ - p®)/qS

forebody axial force coefficient, CA - CAb

pitching-moment coefficient; pitchin_ moment

qslRm.

yawing-moment coefficient; _swin 6 moment
qSb

rolling-moment coefficient; rolling moment
qSb

Stability-Axis S_stem

lift coefficient; llft
qS

drag coefficient; drag
qS

bsse-dreg coefficient; base drs_
qS

forebody drag coefficient; CD - CDb

slde-force coefficient; side force
qS

pitching-moment coefficient; pitc_In 6 moment

qS_REF

yawing-moment coefficient;

rolling-moment coefficient;

lift-to-drag ratio; CJC D

_swin_ moment
qSb

rollin G moment
qSb



NGMENCLATURE(Continued)

Surface Definitions

E

iw

6a

_e

AIIRON

CANARD

DEFINITION

wing tip mounted vertical tail (V2) roll-out

angle; degrees

wing incidence angle; degrees

aileron, total aileron deflection angle; degrees
(left aileron - right aileron)/2

canard, surface deflection angle, positive

deflection - trailing edge down; degrees

elevator, surface deflection angle, positive
deflection - trailing edge down; degrees

(get.+ 6eR)I2

left wing elevon surface deflection angle,

positive deflection - trailing edge down; degrees

right wing elevon surface deflection angle,
positive deflection - trailing edge down; degrees



ADDITIORS TO NOM_CLA_IRE

SYMBOL

DCN, DCLM, DCA, DCAF, DCAB

DCL, DCY, DCYN, DCBL

DCY/DB, DCYNDB, DCBLDB

_/_N

Dc_/ocY

CP/D1

CP/D2

DEFINITI_

Incremental coefficients, algebraic

difference of two runs

Coefficient values at zero angle of

attack (alpha = 0.)

Local coefficient derivatives with

respect to alpha, evaluated at

alpha = 0.; per degree

Local lateral coefficient derivatives

with respect to beta, evaluated at

beta - 0.; per degree

Local longitudinal static stability

derivative; ratio of local pitching moment

derivative with alpha, and local normal

force coefficient derivative with alpha

Local directional static stability deri-

vative; ratio of local pitching moment

derivative with beta, and local lateral

force coefficient derivative with beta

Longitudinal center of pressure - DCLM/DCN

evaluated at alpha = O.

Lateral center of pressure - DCYN/DCY
evaluated at beta = O.



CONFI_JRATIONSINVESTIGATED

CONFIGURATION NOM_CLA%_/RE

Cylindrical body with an axisymmetric nose

i/d = 8.0 (ref. I = 272 ft., d = 34 ft.)

5680 square foot, aspect ratio 2.8, swept wing

w6 5322 square foot, aspect ratio 4.0, swept wing

Wing W6 mounted on top of aft body section

w9

2
CI

8865 square foot, aspect ratio 2.5, delta wing mounted

on bottom of aft body section

900 square foot, aspect ratio 1.5, canard located

on the body centerline

V 1

V2

1

ol

i000 square-foot vertical tall mounted on the body
centerline

Two 618 square-foot wing tip fins with i0 ° roll-out

Orbiter model mounted on the booster in the

mld-positlon with no body spacers used.

COMBINATIONS TESTED

B2w9

B2W 6 B2WgVI

B2ci2 B2wgcl_1

_w6ci2 _c12

_W6Cl2V2 _cl2v2

_2W6V2 B_W_V2

B2W6CI2V2011 B2W4CI2V2

6



TEST FACILITY DESCRIPTIGN

The Morshall Space Flight Center i4" x lh" Trisonic Wind Tunnel is an inter-

mittent blowdown tunnel which operates by high pressure air flowing from

storage to either v,_cuum or atmospheric conditions. A Mach number range

from .f to 5.85 is covered by utilAzing two interchangeable test sections.

The transonic section permits testing at Mach 0.20 through 2.50, and the

supersonic section permits testing at Msch 2.72 through 5.85. Mach numbers

between .2 and .9 are obtained by using a controllable diffuser. The range

from .95 to 1.3 is achieved through the use of plenum suction and perforated

walls. Mach numbers of l.hh, 1.93 and 2.50 sre produced by interchangeable

sets of fixed contour nozzle blocks. Above Mach 2.50 a set of fixed contour

nozzle blocks are tilted and translated automatically to produce any desired

Mach number in .25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximately -hOOF dew

point snd 500 psi. The compressor is a three-stage reciprocating unit driver_

by _ 1500 hp motor.

The tunnel flow is established and controlled with a servo actuated gate

valve. _e controlled sir flows through the valve diffuser into the stilling

chamber and heat exchnnger where the air temperature can be controlled from

ambient to npproximately 180°F. The _ir then passes through the test section

_hich contains the nozzle blocks and test region.

D_nstresm of the test section is a hydraulically controlled pitch sector

that provides a total angle of attack range of 20 ° (_I0°). Sting offsets are

available for obtaining various maximum angles of attack up to 90 °.

7



_TS_P

The model was sting mounted on an internal balance. A bent sting was u" _ized

which could be positioned to give fixed angles of (_ or _ while the other angle

was varied, or to extend the angle range in the pitch plane of the tunnel.

Pitch rttns were made with the model upright while sideslip runs were made in

the tur_nel pitch plane with the model and sting rolled 90 ° . Pitch data were

taken through the normal sector angles of attack (_+lOO) and through an extended

range of angle of attack to +60 ° utilizing the bent sting. Ysw data were

obtained through the normal sector range (_+iOO) at fixed angles of attack of

o°, lO°, 15°, 30° and 50°.

Boundary layer trip strips were used and located as shown on Figure 14. No. 120

grit (0.00_9") was used for all Mash numbers up to and including M = 1.96. For

Mach numbers greater than 1.96, No. 5h grit (0.0138") was utilized.

Base pressures were measured in two positions at the base of the model. No

cavity pressure was measured. _he base pressures were located at approximately

3 o'clock and 9 o'clock when viewing the model from the rear.

For all configurations tested the wing incidence angle was maintained constant

at 0 degrees. When utilizing the wing tip mounted vertical tails (V2) the

roll-out angle was kept constant at +i0 degrees.

Three repeat runs were made at M - 0.6, 1.2 and 3-5 to determine the effect,

if any, of wax fillers in the gap between the canard root chord and the body

(reference Figure 6). The fillers were made so as to continue the canard

leading edge sweep angle forward to intersect the body. The remainder of the

te_t was conducted without any filler being utilized.

8



DATA _CTION

Six component aerodynamic force and moment data were recorded using an

internal strain gage balance. Base pressures (CPb #I and CPb #_) were
recorded and utilized to correct the axial force measured data (CA) to

a condition corresponding to free stream pressure acting at the base region.

÷
CA _ CAF CA B

(c_÷c_) Ab
CAB ffi 2 -S

The force, moment and pressure data were reduced to coefficient form using
the following reference values:

MODEL BASE AREAS

Wing _6 = 0.849_ square inches

Wing W 9 = 0.9_5_ square inches

All Other Configurations = 0.7854 square inches

REFERENCE AREAS (each wing will use its own gross ares)

Wing W 4 =

Wing W 6 =

H
Wing W6 =

Wing W9 --

Wings Off =

4.9327 square inches

A.6225 square inches

_.6225 square inches

7.7005 square inches

h.6225 square inches

9



Pd_l'_q 5k%_,_ (each wing will use its own total span/root chord)

Lateral Longitudinal

Wing W4 3.72 inches 1.895 Jnches

Wing _6 4.30 inches 1.530 inches

Wing h_ 4.30 inches 1.536 inches

Wing W9 4.392 inches 3.170 inches

Wings Off 4.30 inches 1.536 inches

I_L-_VI'REF_E CE\TER

X = +2.40 inches (ahead of booster base)

Y = Z = 0

lO
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T.A_I.

TEST CONDITIONS
TEST TWT 496

MACId NUMBER
REYNOLDS NUMBER

per unit length

DYNAMIC PRESSURE

(pounds/sq. inch)

STAGNATION TEMPERATURE

(degrees Fahrenhelt)

0.60 8.5x106/FT 7.3 ....I00 ° (SOMh'_YL)

0.90 7.7x106/Irl" 9.0

1.00 7.2x106/FT 9.0

1.20 6.6xI00/FT 9.0

1.96 7.0 I06/vr I0.2
3.50 6.gx106/FT 6.8*

4.96 5.6xI06/FT 3.0"*

BALANCE UTILIZED: MSFC BALAI_.E #227

COEFFICIENT

CAPACITY: ACCURACY: TOLERANCE:

m

et

240 IbsNF _ ,
SF 80 ibs
AF 2S ib_'--

PM - 300 in-16s
i00 in-ib_

•M 50 in-lbs

vo = 60 psla

Po = 90 psia

Ii



°,

f

II

il



Z

lb.

"I

v

0
L"
i=,

,-.I

,,..1 :

?,

_ M

,-4 I,_
M _



l

$

• IE"

'w

k)



k )



)*

f) I

Y_

.i
1
I

i

I

i

)

i

r.

_0

0

,-3 ..;
"I M
M w

,-)

M

M
I-ao

0



t _)

MODELCOHPONENT: BODY - B2

Ill.

GENEraL DESCRIPTION: 0.002456 SCALE CYLIRD_ICAL _ODY I_!!THAN

AXISYI._4F.TRIC .,,,JE

DRAWI t_Gtlt;14BER: I198-50

DI_;E)ISIONS:

Length

Max. Width

Max. Depth

Fineness Ratio

ArEa

Dia.

Nax. Cross-Section_

F']anfor_1

Wetted

Base

"" FULLo_,"''.!;

FT/_D_

271.44

33.931

33.9)I

_ 8/I

904.21

__9_a_/.l_

AqCODEL SCALE

B.O00

1.000

l.OOO

_ 811

0.785_

...._o,..2854

,,['i J



MODEL COMPONENT:

GENERAL DESCRIPTION:

TABLE III. (COIfrLNIJED)

WING (W_)

0.002456 SCALE SWEPT WING WITH AR = 2.8_

AI.F = 49.07 DEGREES

DPJ_WINGNUMBER:

DIMENSIONS:

llgA-4_

TOTAL DATA

Area
Planform
Wetted

Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-ln Angle
Cant Angle
Sweep Back Angles, degrees

Leading Edge
Trailing Edge
O.Z5 Element Line

Chords:
Root (Wing Sta. 0.0)
Tip, (equiva|ent)
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

AirfoiI Section
Root

Tip
EXPOSEDDATA

Area
Span,
Aspect Ratio
Taper Ratio
Chords

Root
Tip
MAC
Fus. Sta. of ,25 MAC
W.P. of .25 MAC
B.L. _f .25 P.A.C

18

FULL-SCALE

FT/FT2

5678.92

126.22
2.8

0,4
_o

Variable

49.07
28.3°
45°

64.40

0012-84

q_ _qN

474

_3.983

MODEL SCALE

IN/IN2

4.9327

3.72

2,8

0,4
5°

49.07
28_ °
45°

nnlp-A4
0012-84

7_

_7d

I_591
0.754

NASA-MSFC MA,



MODEL COMPONENT:

GENERAL DESCRIPTION:

TAE_ III. (CGRTI_ED)

0.002456 SC.ALE SWEVT WING h'I_ll_ = 4,0.

Ac/4 = 35°

DRAWING NUMBER: 1198-30M34

DIMENSIONS:

TOTAL DATA

Area

Planform
Wetted

Span (equivalent)
Aspect Ratio

Rate of Taper

Taper Ratio
Diehedral Angle, degrees

Incidence Angle, degrees

Aerodynamic Twist, degrees
Toe-ln Angle
Cant Angle

Sweep Back Angles, degrees

Leading Edge
Trailing Edge
0.25 Element Line

Chords :

Root (Wing Sta. O.O)

Tip, (equivalent)
MAC

Fus. Sta. of .25 MAC
W.P. of .25 NAC

B.L. of .25 MAC
Airfoi I Section

Root

Tip
EXPOSED DATA

Area

Span, (equivalent)
Aspect Ratio

Taper Ratio
Chords

Root

Tip
MAC
Fus. Sta. of .25 MAC

W.P. of Rout Chc,rd Below
B.L. cf .25 MAC

0.3C T.I. Flaps

] ,')

FULL-SCALE

FT/FT 2

5321.79

145.90

3.99

0.3998
So

Variable
0.00

38.93

20.75
35.0

$2.12

20.83

MODEL SCALE

IN/IN 2

4.6225

4.30
3.99

0.3998
S°

Var3able
0.00

38.93
20.75
35.0

1.536
0.614

0012-84
0012-84

_..Q_ 2-84
0012-84

3672.58
1!1.97

3.40

0.464

44.8X,
--- ^_

__3.19
3.5U

.. 3.40
0.464

1.321

S.d()

6 = O, ,lO °, -20°_



MODELCOMPONENT:

GENERALDESCRIPTION:

ZZZ. (coz  zz m)

wING(wH)
v

0.002456 SCALE SWEPT WING WITH AR = 4.0 t

=}s°

DRAWING NUI.IBER: 1198-78

DIMENSIONS:

TOTAL DATA

Area
Planfom
Wetted

Span {equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Dlehedral Angle, degrees
Incidence Angle, degrees

Aerodynamlc Twist, degrees._,
Toe-It,Angle
Cant Angle -"
Sweep Back Angles, degrees

Leading Edge
Trailing Edge
0.25 Element Line

Chords:

Root (Wing Sta. 0.0)
Tip, {equivalent)
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

Airfoil Section
Root

Tip
EXPOSED DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords

Rnnt
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 HAC
8.L. of .25 MAC

2O

FULL-SCALE

FT/FT2

5321.79

14b.9U

3.99

_-. 3-_8
5°

Variable

0.O0

, 38.g3
20.75
35.0

52.12
20.83

0012-84
0012-84

MODEL SCALE

IN/IN2

4.6225

q.JU

3.99

0.3998
5°
Variable

38.93
20.75
35.0

1,536
0,614

0012-84
0012-84

)
NASA-MSFC _



TABLE III. (CORTIl_k'm)

MODEL COMPONENT: __ WING (W9)

GENERAL DESCRIPTION: 0.002456 SCALE DELTA WING WITH AR = 2.5,

ALOE. - 52.5 PEGREES

DRAWING NUMBER: I198-81

DIMENSIONS:

TOTAL DATA

Area
Planform

Wetted

Span (equivalent)
Aspect Ratio
Rate of Taper

Taper Ratio
Diehedral Angle, degrees

Incidence Angle, degrees
Aerodynamic Twist, degrees

Toe-ln Angle
Cant Angle

Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line

Chords :

Root (Wing 5ta. 0.0)
Tip, (equivalent)
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC

B.L. of .25 MAC
Airfoi] Section

Root

Tip
EXPOSED DATA

Area

Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords

Root

Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

FULL-SCALE

FT/FT 2

8865.48

14_.uz

z_50

O.lO6

Do

52.5 °
0.56 °

107.56

II.42

MODEL SCALE

IN/IN2

7.7005

-4.3g_----

Z.SO

0.I06
50

D°

52.5 °

0.56 °

3.170

0.3365

0007-84

0006-84

21



zzz. (col rn  )

MODELCOMPONENT: CANARD(C])

GENEP.A.LOESCR!PTION: 0.002456 SCALE CLIPPED DELTA SURFACE, WITH A

60° tEA_ING EDGE SUEEP BACK A_IGLE_,'_DA 5 PEP,Cr_f:TBICO!!VEX_,IR_O_I.

DRAWING NUMBER: llqR-4n/41 _

DIMEIISIO:IS:

Area (Exp.)

Span (equivalent)

Inb'd equivalent chord

Outb'd equivalent chord

Ratio w,:ovablesurface chord/
total surface ct,ord

At Ir,b'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Hingeline

A_ea Moment (Normal to hinge line)

Incidc,ce Angle, _g,c_

Airfoil Section

Fus. Sta. of 0.25 MAC

FULL-SCALE

FT/FT2

900.3O

36.78

40.81_

8.17

"I/I

60°

-2.37 °

0.25 HE

Variable
0 to -60°

5% BICNVX

1.448d aft of

nose

MODEL SCALE

IN/IN2

O.7820

l.0_4

l.203

0.241

I/l

60°

-2.37°

O.25 I_C

Varia'ble

_o_ o

5:[BICNVX

l._4Rd aft of
nose

22
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MODEL COMPONENT:

GENERAL DESCRIPTION:

)

VERTICAL STABILIZER (V.I)

0.002456 SCALE TAIL WITH 40-DEGREE LEADING EDC,E SWEEP

A;,_;I:"_ _%qlINTFn{%NI'FNTFR;T_'FR_rtSTFR

DRAWING NU:_ER: 1198-47

DIMENSIONS:

TOIAL DATA

Area
Planfom
Wetted

Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, cZegrees
/:erodynamicTv:ist,degrees
Toe-ln Anglc
Cant Kngle
Sweep " 'mac.,.\ng]es,degrees

Leadin@ Edge
Trailing Edge
0.25 Element Line

Chords:
Root (Wing Sta. 0.0)
Tip, (equivalent)
MAC
Fus. Sta. of .25 MAC
W.P. of .25 I_J_C
B.L. of .25 I.'AC

Airfoil Section
Root
Tip

EXPOSED DATA

Area

Span, (equivalent)
Aspect Ratio
Taper Ratio
Chu_ds

RAnt
lip
MAC
ft|_. c, of .25,,l F.AC
W.P. t_f ._5 _;AS
_.L ,,,_ 25 ,.,_r• • f D t,,w
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_DEL COHPONENT:

GENERAL DESCRIPTION:

T_III. (COl@_.-_J_))

WING TIP FINS (V_)

0.002456 SCALE SWEPT LEADING EDGE/TRAILING EDGE WIN(;

TIP FINS

.o.

DRJ%VINGNt!_:_ER:

DIMENSIONS:

TOTAL DATA

1198-36

FULL-SCALE MODEL SCALE

Area
Planfom
Wetted

Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, _egrees
Aerodynamic l'wist,degrees
Toe-lr; Angl_
Cant Angle (Roli Out)
Sweep Back ._ngles,degree_

Leadihg £dge
Trailino Edge
0,25 Element Line

Chords:
Root (Wing Sta. 0.0)
TIp, (equivalent)
MAC
Fus. Sta. of .25 MAC
W.P. of .25 _AC
B.L. of .25 F_C

Airfoi l Section
Root

lip
EXPOSED DATA

I0_ _0o

30 30
II._0 !!.8_

0012-84 DD12-84
0012-84 0012-84

Area

Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords

Rnnt
TIp
MAC
Fus. Sta. of .25 t_C
g.P. (,; .,.., :.._C
rj.L. c,._ .Z r ':.A.C

6l e _ o.5.y_7L
30.4}, _._...__P_,ZJL.._
] .S 1.5

0.567 _.._.O._5_.Z_.._

r__Zf._._9._ ,.. 0_764

• 24
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MODEL COMPONENT:

GENERAL DESCRIPTION:

ORBITER - O_

0.00245_ _C_l_ G_N_N C3-A _R_ITFR

DRAWING NUMBER: 119B-51

DIMENSIONS:

Area

Span (equivalent)

Inb'd equivalent chord

0utb'd equivalent chord

Ratio r:_vahie s,;rface chord/
totel surface chord

At Inb'd equiv, chord

At 0utb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Htngeline

Area Moment (Normal to hinge line)

Ovcrull L_.g_

FULL-SCALE

m,/vr2

MODEL SCALE

IN/IN 2

2.99

_.44

25
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0._ _£TA 0.900 D[L Q.090
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AILRC;N Q._O_ CANARD 0.Q90
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Q.S_ IOTA Q.OOO OILO*QOS OCR Q*OgQ [LCVTm
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LONGITUDINALSIABILIIY
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LONGITUDINAL STABILITY
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LONGITUDIN^L STABILITY
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O _.410 AILR,"_I_I O.OQO CANARO 0.000
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DATA WIST. C@O( e[
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ZNRP O.OOOO IN.

$CAL[ Q.QQIS
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LATERALDIRECTIONALSTABILITY
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LATERAL OIRECTIONAL STABILITY
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LATERAL DIRECIIONAL ST^BILITY
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IvkNB_. NACH PARA_TR[C VALUES
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DIRECTIONAL STABILITY
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O[ll • .OQO [LtVTll • .000

A I LIII_I4 0.0040 CANARO O.OOO

Ol?l NlSlr. COOt lIr

AR11981-3 MODEL V6B2CI2V2

i

L

.0 .I .11
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Q. 000 Oil L 0, DO0

O .OOql I[LIr VTR O.ODD

O,OgO CANARD D.QOO
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DATA NIST. (riO[ t[
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oSQ
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PAIIAMIr T• 1¢ YALe•

O .0OO DIlL O.OOO

O.OOO eLIrVTfl O .ODD
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0ATA HIST. ¢OO s. eli
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0
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IT_OOL MACM

O _.t$7 &LPHA
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-0 *0 -4 -m • •

SIDE SLIP ANGLE. BETA. DEGREES
PARAk_ TR IC VALUe !

0 .OOO OrL O .ODD

O.OOO IrLIrVTR O.OOQ

O,OO0 CAI_ARD O.O_0

OATA N|$T. COO( • ar

M49_-HSFC AR] 19BI-3 MODEL WgB2C ] 2V I

I i • I| II
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PANAF4_TN[C VALtJ_$

O[R O.OOO (L[VTR 0.000
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FORCE COEFFICIENT, CY

M496-MSFC

DAT& _IST. ¢0¢s1[ 4_1[

AR11981-3 MODEL wgB2C 12VI (E3824F ]

J ] i

, ! I
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J I I
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i ! !
J I ]

N(rER_N¢[ [NFO_HAT|ON

SRE_ ?.?DOS _G.I_*
LR[r _._YOO IN.

XWAP t.4_Q (_.

SCALE Q.O_$
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LATERAL DIRECIIONAL STABILITY
.e

_ D.st9
t._el

M498-MS_C

- II - Q - • 0

SIDE SLIP ANGLE,
PARAHCTR IC VAL&J[ S

ALPHA O.OOO OCL O,OO0

DES O.OOO S'LI[VT R O.OOO

AILRON D,OOO

DATA H|$T. Cr._DIE *E

AR11981-3 MODEL WgB2

0 •

BETA. DEGREES

[E3822F )

• • |0 $1

• t_[N[N¢[ INVO4mNATION

SR_ ".'QO$ &Q.tN*

LR•V I.I,oO tN,
IRtV A.$9_O IN.

INSP 1.4DO0 IN.

YNRP 0.0000 I|N.
_qqRP O*OOOO IN*
SCALE O.OO_S

OG SEP 72 PAGE 159



LAIERALDIRECIIONAL fiTABILIIY
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SIDE SLIP ANGLE, BETA, DEGREES
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SIDE SLIP ANGLE, BETA. DEGREES
$_MBOL _ACM PANAMETR|C YALUtS

O.Sg, ALPHA O.OOO OIL
t.gel D[R O.ODD "LEVTA

AILR_ O.OOO

DATA _4|ST. COOl 41_

M49B-MSFC AR1198I-3 MODEL

O.000

Q.DQO
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{

i

• ,F(WEN¢[ |Nr_MAT}_

I_REV ?.?OOS S4.1N.

LREV S.W_DO Tk.
• R[r 4.)t_O Ik.

YMRP O.OOO0 Ik.

_ O.OOOO IN.

ICAtt O.DO_S
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SIDE SLIP ANGLE. BETA. DEGREES
XACN PARANt?RI¢ YALUI[$ •
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a.sll O[R O.OOO (L[VTR

&ILW'JN 0.000
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OaTA )lIST. C_O( el

M49G-MSFC ART 19B1-3 MODEL WgB2 (E3822F)
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IIFIR[N¢[ INrQRHATION

SHIP ?.?OOS S_.IN.

LREP }.t?OO IN*

XNIP !.4_00 IN,

YNRP 0°0000 IN*

ZkRP 0,00_O IN,

SCALE 0,00_$
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LAIER^L DIRECIION^L ST^BILIIY
°IQ

ITMBC.L MACM

_ 0,$9g
1._Q1

Mzlg;-MSFC

ALPHA

AILRP._I

- II - I
-8 • • I

SIDE SLIP ANGLE', BETA, DEGREES
PANAI41£ Tll | C VALUI_ S

O .ODD OIL O.Ooo

O.OOO trLl[v Tit O.OOo

O. OOO

DATA HIST. C**.¢llE lit

ARt 1981-3 MODEL WgB2 (:E 3822F

4 • • tl 11

N[FEN[N¢[ IN,Oi_NATIC_,

III{P _._OO$ IQ.IN.

LNEW |.l_OO IN.

INEr 4.1l,_ IN.
"NmP !,4000 IN*

YNRP Q.OOOQ Ik.

ZIqRP U.OOOD IN.
• CALf O.O0_S
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• • • tQ tt
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LATERALDIRECTIONALSTABILITY
t.Q , v

i
i

- •

SYmbOL mAC_ PARA_[TR|C V&LIJ_S

O.Sgg ALPMA O.O0_ D[L
I.tQI O_R Q.•O0 EL[VTA

A|LRON O.QO0
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SIDE SLIP ANGLE. BETA, DEGREES

O.OOO

0. 000

•ATA H[$T. Cr_£ O[

Y4_-_S=C ARIISD]-3 MODEL V982 (E3822F]

4 • • I• $1

• [VE•EN¢[ I_rC_NATZ¢_

8R_V "o,00$ . IG.tN.

Lfl[r ,.ST•0 ; IN.
IR(r 4.lllo IN.

INIp I.i000 IN.
TNNP •.O_O_ IN.

_q•P I.O000 IN.

ICAL[ I.QQI$
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LATERALO[RECTIONALSTABILITY

.1141

M496-MSFC

OB,'I'4 NIIT. c¢or *[

AR11981-3 MODEL

i I

. __

-.I .O .O .I .I

LATERAL FORCE COEFFICIENT, CY

Q.QQG
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.0
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ALPHA

DEA

AIL_¢_

I

I .I

! ! J
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- 4 - i I I •

SIDE SLIP ANGLE, BETA, DEGREES
PARA_TR TC VALU_ S

O.OgO OIL O.OOO

O.OO0 IrLtVTR O.OOO

O. DO0

OATA _IST. CC_[ I[

,"496-_SF C ARI 1S81-3 MODEL w482v2 [E3828F ]

i- '

r i i

[ i

I

I[r[R[#c[ |k/OR_ATIO_

LREr I.lSeO IN.

_N_P 1.40QQ IN*
¥NR_ O.GOOD IN.

_ O.OOO_ IN.
seAL[ I.O0_$
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.41

_496-MSFC

OAYA HIST. ¢_[ e|

ARIIgBI-3 MODEL W482V2 [E382BF]

4 • • tO S8
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LATERALDIRECTIONALSTABILITY
*ll

DATA NIST. ¢#_[ e[

M49; _SFC ^RI1981-3 MODEL V482V2

0 •

BETA. DEGREES

[E3828F)

4 • • I0 lit
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LATERAL DIRECIION^L SI^BILIIY
.IQ

w4B2v2

DEGREES

CE382BF]

4 • • 1Q I1
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L^IER^L DIRECIION^L SIABILIIY

M4SB _SFC

-i -e -4 *I • I i

SIDE SLIP ANGLE, BETA. DEGREES
PANAW_TN EC ¥ALUI_S

• .000 OIL 0.•00

O.•O0 IrLEVTIq O.••O

O. OOO

DATA N|ST. Cr-_[ 0[
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LATERALDIRECTIONALSTABILIIY
.t4

M498-MSFC

04TA NIST* ¢00[ *[

ARt 19B1-3 MODEL W482V2

I

BETA, DEGREES

{E3B2BF }

4 • • 10 t•
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LAIERAL DIRECIIONAL SI^BILIIY
I.U

-t .|

Q •

BETA, DEGREES
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SI'IWIICI. NAC_

_ QoG03

M_96-MSFC

DIRECIIONAL STABILIIY

-.II -.4 -.I -.II

I_ARII, N[TII l ¢ VALI._ $

ALPHA II .OOO 01[I.

Otlt O .QOQ EU[VTII

&ILB O.QOO

OATII _IIST. ¢'*.C1[ *(

AR11981-3 MODEL

-.t .0 .0 .I .II

LATERAL FORCE COEFFICIENT, CY

G.OQO

Q .QQ, Q

R[_EREN¢[ INFORNATION

|R[_ 4.|]|7 |O.|N,

LR(F t.eSeO IN.
OR(V _,_100 IN.

XNAP !.4_00 iN.

¥NRP O,OQg_ IN.

$¢AL_ O.OQI$
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L^IER^L DIRECIION^L SI^BILIIY
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IT_r-4. MACM

l.g4I

-Io - I - • - 4 - • 0 • •

SIDE SLIP ANGLE. BETA. DEGREES

PAIIAHETR IC VALUI:S

ALPMA O.OOO DI_L Q.OOQ

OI_R O .OOO IrLrVTR O.OO0

A | L R_'.d_l O.OOO CANANO 0.O00

DATA HIST. Cr.,O( mr

ARI 198I-3 MODEL W4B2C12V2 (E3829F)

|t1Em[N¢| IIIr_IHATI_

p|P 4.1|t? IQ.IN,

Ll[, l.OglO t_.

IHMP 1.4DDO IN.
YNMP O.QO_O IN,

ll4RP O.OOO0 IN.

ICALt D,ODZI
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SIDE SLIP ANGLE, BETA, DEGREES
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Q.QO0

OATA HIST. ¢_( _[

M49G-MSFC ^RI198I-3 MODEL W482CI2V2
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L_(_ t.e_eQ IN.

8A£r 3,_0_ IN.

XNRP _.40_0 IN.

YWRP 0.00_9 !_.
ZEqRP 0.00_0 IN.

IC&LE O.O01S
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• I • I0 |8
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(E3829F)
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OATA HIST. CO0 r *1_

_496-M5_C AR11981-3 MODEL W4B2C 12V2
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BETA. DEGREES

4 • R
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PARAMETRIC VALES
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Ol_i_ O.OOO IrLI[VTR ID. 009

A|LM_N O.OOrJ CANARO 0.O00

DATA HIST. Cr-_)l[ *[

AR1198I-3 MODEL WdB2C12V2

Q •

BETA. OEGREES

[E3829F 3

4 • • I• I!
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SIDE SLIP ANGLE, BETA, DEGREES
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: I

I

i
i :
i

i

• • • tO st

NE:E_EREW_S_WATIZ. IN. "

LRIP 1.1_00 IN.

ENRP 1.4QO0 IN.

YN_P O*•O00 IN.
_NP •.0ODD IN.

leak[ O.OOIS

06 SEP 72 PAGE 2B]



L^TER^LDIRECTIONALSI^BILITY
.QQ

.ll

DATA N|IT* C_l[ tl[

M496-MSFC ^RI 1981-3 MODEL W982

• I

BETA, DEGREES

[E 3822H )

4 • • liD tll

06 SEP 72 PAGE 282



LATERALDIRECIIONAL SIABILIIY
°UO

.If

H4S6-MSFC

* I -O -4 -| • 0 •

SIDE SLIP ANGLE, BETA, DEGREES
PAmAN[TR |C VALUI_ $

IS.O00 OIL O.OOO

O .OOO I[LICVTR O.OOO

O. 000

DATA HIST. CP._r t[

ARI Ig81-3 MODEL WSB2 [E3822H) 06 SEP 72 PAGE 283



LATERAL DIRECTIONAL STABILITY

$'r NIO(. NACH

_ 1.9$0
].410

M496-_SFC

I

E

i

-4 -II II •

SIDE SLIP ANGLE, BETA,
PAmAN[Tm|¢ YALUI[$

ALPHA IS.0OO D[L

0(R 0.OOO [L(VTN

AILIION Q.QOO

0ATA HILT, CO0[ *[

ARt 198[ -3 MODEL

O. QOO

O .OQO

W982

I

DEGREES

CE3822H}

! l ! I ! , ! !-.'--3

_ _-.,-

L_..... - ..... -'.._
i ......... .-J

! ' ;T.Xd

' ; .... n

? i

[

I 1 '

*_ t 4-1
, I

" ii:._---_ _ !
i i

,, . ii II
i'_ II
_ i I--4

i *ft 
SN[_ ?.?QQS Se.lN.

LR[_ 3.1700 IN,

XNRP !.400_ IN.

YN_P Q.QO_Q IN.

ICALt 0°Q0ZS

OS SEP 72 PAGE 284
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(,_ )

LATERAL DIRECTIONAL STABILITY
I.O

SYNa@L HACM

_ 1°9s9
$.400

_'4SG-_SF C

-tD - • - • - 4 - • 0

SIDE SLIP ANGLE,
PARAI_I[ TR [ C VALU£S

ALPHA IS.ODD OIrL Q.ODD

DIrR O.OOO [LIrVTR O.OOO

A I LIEON D.OQD

DATA HIST. COOt ,r

ARI ISBI-3 MODEL WSB2

0 i

BEIA, DEGREES

(E3822H)

NKPKNEN¢¢ |NP'OItNATION

IMIEV _._OOS SQ.IH.
LR(_ I.l_DD tH.

IICW 4.35tD t_.

XHRP 8.4OOD tN.
¥NRP O.DDOD TN.

_P Q.ODOO IN.

IC&Lt O.ODZS

OS SEP 72 PAGE 285



.ll

r_

X .l(I

)-

(:3 .|1

{3
CD

.Ill

Z

)-

U
.lill

e

Z

IJJ ._

U

m. -oQI
L&.
b.l

O

¢J SQ-.

Z

_'- -olS

O

-.Ira
Z

m.4

-*mS

>-

LATERAL DIRECTIONAL STABILITY
.4Q

.IS

[

!

k

r

-. il

-.4Q
*.1 -.g *.4 *.B -.I

S_NI04. NACN PANAVR[Tm|C VALUES

&.gSQ ALPHA I$.0QO O(L3.440 O(N O.QOQ Ct[VTR

A|LIIW'_I O.O00

OAT& _[ST. COOl set

1_/_g6-MSFC AR11981-3 MOOEL

[

-.I .O .O .t .I

LATERAL FORCE COEFFICIENT, CY

O ,QQCI

Q.QGG

W982

.3 .S ,I.4

N{@[RENC[ |NRO_NAT|ON

|RIP ?.)O0| |4.|N.

LR[! ].|?O0 |N.

8fl(V 4.3_1Q IN.
XNAP 1.4_OQ IN.

YNRP O._OQQ IN*

Z_RP Q.QOQ_ IN.
ICAL[ Q.OglS

CE3822H) 06 SEP 72 PAGE 286



C j

LAIERAL_DIRECIIONAL STABILITY
,II I = ! i !

r ' i

.I

: i
[

i ',

* 0 - •

STNC_L NACH PARAMETRIC VALI,_[$
A

0 t.,45 ALPMA tS.OOD OIL

O[R O.O00 ,L[VTR

AILR'*_I O.OOO

r!!!!
i i , (.

Jiii
: : I !

!iii

iii[
: : i i

i i i i

!iJi

JJ!!

i!!!
iii!
iiii

!!!!

_ki i i
I 1N,d l

! ! !-_.

!i!i

iii!
: ." : :

!!!i

!!!i

iiii

: : .. :

!ii!
!!!!
i i i i

-4 "t • •

SIDE SLIP ANGLE, BETA, DEGREES

•. 00o

8. 000

DATA MIST. C"JO[ • Ir

H49g-MSFC ARt 1981-3 MODEL W4B2V2 CE3B2BH)

4 • II tO

e |
°..-

F_r¸

ii

I ,
t

$8

R[_ER[NC[ |MrOI_NATTON

IWt¢_ 4.D3t? $G.IN.

LRtr t.e,eo IN.

,AE_ l.YtOO IN.
XNRP |.400D ZN.

TNRP O.O00O IN.
rMRP OoOOO0 IN.

SCAL[ O.OO_S

06 SEP 72 PAGE 28'7



LATERALDIRECTIONALSTABILITY
.4Q

ST NQ'*_. N&CH

_) t .14$

_496-MSFC

ALPHA

DIll

Jt It._

-6 -I *4 -| • •

SIDE SLIP ANGLE, BETA, DEGREES
P_mANCTR I C VALUES

|S .OOO OEL 0.0OO

O.OOO IrLI[VTR O.OOO

Q. QOQ

0AT& HIST. COOl[ *E

AR1198I-3 MODEL W482V2 CE3828H]

4 • • tQ |l

REF[MEWC[ lNrO_MTt_

$R[W 4.g3t? =4.TN.

LREV t.e$lO TN.

6R[r 3°?T00 iN.
XN_P _.4QQQ tN.

TNIP Q.QQDQ ZN.

Z_RP Q.0QOQ tN.

&CALl Q.QOES

OG SEP 72 PAGE 288
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L )

L^IER^L DIRECIION^L ST^BILIIY
,It

$T_r_L MACM

% .S4S

_49B MSFC

ALPHA

OrR

A | LRP._N

-e -• -4 -• • •

SIDE SLIP ANGLE, BETA, DEGREES
PARAt41E Ill | C VALtJI[ S

IS .OOO DIlL O.OOO

O.O00 I[L[VTR O,OOO

O.OOO

DATA HIST. (:rjOr i[

AR11981 3 MODEL V482V2 (E3B2BH]

4 • • 1.0 |!

• ILg'ER[NC[ |NIrOIINATION

IREV 4.D31_ IG,IN.
LREV [,lllO IN.

•RtP _,_IOQ IN.
XNRP •.4000 IN.

YNRP •oOQO0 IN,

_RP D,OQO0 IN,

• CALl DoOQlS

OG SEP 72 PAGE 289



LATERAL DIRECTIONAL STABILITY
°11

.41

*4Q

.|1

.N

*11

tJ

Z
.ILl

tJ

ki. °iLlI

bJ

113 °¢III
U

bJ

E)

tl.

/

-. 11.11
X

-.1LI

--°N

- .111

-°_11

-. 40
*tll

IT NIIICNk IqACN

Q I .la$

*ILO - • - I -- • - •

SIDE SLIP ANGLE,
Pama_Tm[¢ VALU¢[S

ALPHA ISl .OOiO Oll'i. O.OOQ

UIl[ll U ._ tl.l:V Tit g .OO0

A I UIC_ O.O00

OATA HILT. ¢_0i[ e•

M496-MSFC AR1198[ -3 MODEL w482v2

• •

BETA, DEGREES

CE 3828H }

• • • |O 1LI

06 SEP 72 PAGE 290
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LAIER^LDIRECIION^LSIABILIIY
.,•

DATA MIST. ¢_E St

M498-MSFC AR11981-3 MODEL

• • SO Sit

W4B2V2 CE382BH) 06 SEP 72 PAGE 291



LATERAL DIRECTIONALSTABILITY
.|4

M49_-,'SFC

OATA HIST. Cr_Ol[: IC

ARt 1981-3 MODEL W482V2

o •

BETA, DEGREES

(E 3B2BH } 06 SEP ?2 PAGE 292
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LATERAL DIRECTIONAL STABILIIY
I,Q

flyW_,Z..L _ACM

0 I .S14S

_,49B-MSFC

-SO - • * • - 4

SIDE SLIP
PARAM[TR IC ¥ALUI:&

ALPMA IS .OOO OIrL O.OOO

OlCR O.0OO IPLEVTIt O.OOO

A l LR*'J_I O.OO0

°1

ANGLE,

OAT/, N|ST. COOl *[

AR119BI-3 MODEL W4B2V2

II

BETA, DEGREES

4 • • IIII fill

I[rll[NC[ INIrOIIWIIIq_N

I_[v 4.lllT IG.IW,
LRI_ I.II10 IN.

• R[W I.TEOO IN.
gWRP |.4OO0 IN.

¥NRP O*QOOO IN.

ZNRP O*OOO0 _ IN*

|CALl O.OOlS

CE3B2BH] 06 SEP 72 PAGE 293



.Ill

LATERAL DIRECTIONAL ST^BIL]TY
i

f

I

[
F

IYM6_. WACM PARAM[TR|¢ VALg[|

|,i49 ALPHA tS.OOO OIL

O[m O.OOQ E_(VTR

AILR_N O.OOG

-.I -.| .G .I .|

LATERAL FORCE COEFFICIENT. CY

0.000

0.000

04T4 NTST. C_( *t

_49S MSFC ARI1981-3 MODEL W482V2 ( E 3828H )

.!

w ! i

IL

i i L

[ I !

' i

_ z
i i

i '

"- r-T---

t i t-_-

! , .

l [

i i-a-

iiit

,liii
I

,iij:
I , i

: J
! :

i

SREV 4.S_l? IG.IN.

_R(V $.7190 IN.

XNmP !.4000 IN.
¥_lP Q.OOOD IN.

SCALE Q.O_$
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LAIER^L DIRECIIONAL SI^BILIIY
.Q

OATA HIST. ¢r..¢£ t[

ARt ISBI-3 MODEL W682 [E38OGI ]

4 • m IO SI

M4S6-MSFC 06 SEP 72 PAGE 2S5



LATERAL OIRECIION^L SI^BILITY
,4Q

M498-MSFC

-tO - • - • - 4 - • 0 Q

SIDE SLIP ANGLE, BETA,

PA•AMIET• I C VALUES

At.III.IA $O .OQQ Olrt. O .OQQ

01[• O.QO0 I[Lrv TN O .OO0

A[ LII_I O,OQQ

04T4 HIST. ¢P-_[ IIl_

AR11981 -3 MOOEL WGB2

DEGREES

(E380GI) OG SEP ?2 PAGE 296



'--1 i

F_ _ i
.IQ F

_ ,

.01 k

X °OIl.

>. i i
0 : :

0 °_. : :

{j .Or ! J

L F |
U

I_ " r t

0

3- : :

0 :

_ -.Dtl :

Z :

..J

E) -,08 :

b I

-,1o :

_!!

_°is, _ •
-I! -!0

LATERALDIRECTIONALSTABILITY

I

L

I

I i
I
I

!

i

I

i

i

* I -•

J
• 0 •

SIDE SLIP ANGLE. BETA. DEGREES
SY_C,L _a{_ P&RANETRI¢ YAL_ES

1.151 ALPHA 30.000 OIL 0.0003.4_0 •(R 0.000 ELEVTR •.DO0

ATLI_ 0.000

• ATA NtST, COOt *E

_49E,-,YSCC ARt 19BI -3 MODEL WSB2

I

lllii" "-,_ a

...._

i

4 •

r i v r

'- "--T- --"-" -_-

1

, I_ -r -r"

: !

: I

: l

: I

I I

' I
: :

_ t

: i
: i

1 -' i
J : i ,

• I• |1

A[P[A(N¢( TN#ORN{TION

II/1[_ 4.1ttS S_.IN.

LR(_ t.sS_o Iw.

_R[V 4._QOO |k.
XNRP t.4ODO IN*

YNRP O,OODO IN.

lWRP O,O000 IN.
8¢AL[ O.O0_S

(E3BOBI) OG SEP 72 PAGE 297



°.lI

LATERALOIRECTiONAL STABILITY
'-[ _ I r

b
u --

p

I

I

!

I
I
I

I

ii:
1

I

1 1
1

-I0 - •

r rl r I I

i i!' ! :

! i
; t

;i

I

I

i

7

i
I i

-4 -| 0 0 |

SIDE SLIP ANGLE. BETA. DEGREES
$?_1_I* MACH PARA_IITR|¢ VAL_I

I.Igt ALPM& $0.OO0 O(L
1.4IO O(I 0.OOO IL[VTll

&IL_ O.OOG

O.OOO

0.OOO

OIY& NIST. C_O[ I(

M496-MSFC AR1198[-3 MODEL WG82 [E38061 ]

"tm_t

ll_[l(N¢[ IN_ORH4TIO#I

_RE_ I.$_1_ IN*

l_(_ 4.]QO0 IN.

XN_P 1.400Q I_.

¥_RP 0.9000 I_.

Z_RP 0.0000 IN*

S¢&L( O.O021

06 SEP 72 PAGE 298



LATERAL DIRECTIONAL SIABILIIY
o_

K49_-MS_C

DATA HIST. COOE *E

AR11981-3 MODEL WBB2 [E380BI }

4 • • l• tI

OB SEP 72 PAGE 299



OaTA N[ST. COOt *1[

_',499-MS_C AR11981-3 MODEL WS82 [E380GI)

, i
4 • II I0

mE_ERENCE lNFOR_attO_

L_ I.$_QO IN.

QNE_ 4.300Q IN.
XNRP _.4000 |N.

¥_RP O.QO_Q IN.

_'NRP Q,O000 _No
SC&_E Q.OOZ5

OS SEP 72 PAGE 300



j

LATERALDIRECIIONAL SIABILIIY

0

BETA. DEGREES

4 • • tO SI

(E3BOSI} OG SEP 72 PAGE 30l



EATERALDIRECTIONALSTABILITY
.4Q v q

&

tJ

bd

(J

::=.-

• **

STIqp24. NACH PARAN[TR[C VALUES

t.Sg| ALPHA _O.000 O(L_.400 O(I 0.OOO CL(vTII

41LI_N O.OOO

OAT& HIST. ¢'201[ OIl

M,_9S-MSF C ^R11981-3 MOOEL

-.I .0 .O .t .a

LATERAL FORCE COEFFICIENT. CY

0.000

0.000

WGB2

flE_(RENC[ I NFORMkT|¢_4

SR£P 4.e2_S SA.TN.

LR(_ t.$31Q TN.

XNRP 8.4G_0 IN.

YU#P O.O_SQ IN.

$¢AL[ O.OOZl

CE38061] OS SEP 72 PAGE 302
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LATERAL DIRECTIONAL SI^BILITY
•" i:1 'I

.S ' '

ii

.4 i[

II

]!

11

]1

ii

_J

ii

ii

ii

!:
it

-10 * • - • - 4

i

i

i
!
i

i

-,-,,

iri

-8 • • • 0 •

SIDE SLIP ANGLE, BETA, DEGREES
|YNGOL NACM PARAM(TRIC VALUES

1.$17 ALPNA 50.000 OCLt.tSS OER 0.000 [L[VTR

0 $.4@0 AILRr'-W_ 0.000

[] 4.tSS

• ATA MIST. C_Ol_ or

M49_- MSF C ARt 1981-3 MODEL

! r i

) :

O.O00

0.000

wBB2v I (E38231)

i ,
: I

: ]
I

i
i

i I

I
i , ; J

4

m._

i

i

"--'- r'"

,-,4

[

(

! F-,J

i L ,I_

i I ''

i I :

i. ) :

: ) :

: [ :

i '!L:
i i i

J i

: i I

-4
IL• t•

• [FER[NC[ INr(>ItWATION

$•[_ ?._005 $4.|N.

XMR_ •.4OOO iN.
YMRP 0.0000 tNo

ZWRP 0.009O. IN.
ICAL[ 0.00_$
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LAIERAL DIRECIIONAL STABILIIY
.4I '._. ',_ L .... {

,II'II !

old , • i i

.II'II

X .a._l !.,

.9: i

:,,... i ;
(3 ." i
(3

r

.Ill !
Z

U [ _

z : "__

u !
I_ - ,01 .I

0 :

U -.I,0 :

i
Z

"Jr" -.11 r

z ' 1
- i

- Jill :
>" i

-,IQ

-oll

i

4011 Ill - I - •

i i i |

II''

I'

ii,
! r
[

, I

i

I I

!

!r
_L _lq

: _..IA

!

|
!

1

I

1
!
L

i

' i i
i

i

-4 -| O Q O

SIDE SLIP ANGLE, BETA, DEGREES
S T illi'_i, ll& ¢11 P &llAili TIt | ¢ V liI. UIE II

I .ill 0£_ Q.QQQ (L_VTI

0 _.tlG A I LIl_il Q.OgO

0 4o91_

O_TA _|ST, C_O( JE

M496-MSFC AR11981 -3 MODEL

O.9_O

O.DOO

W982V I

i ! r !

o _.._

_. [ ! i

ri fi
r_ .2.-.a- -

: '. : : .
: ; ; i

i 2- --Li--

:_ ft

i : :

_L -L-L _
_--t- w-t--- -

R(_{N(NC( |NIOIHATi_

$RE_ ?o?_OS _4.1N.

X_RP _.4_00 iN.
YN_P O.Q_ iN.

ZNnP O._Q_ IN.

I_ALE G°Q_S

CE3823I) 06 SEP 72 PAGE 30,$
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LkIERkLDIRECIIONALSTABILITY
,St

IYM_OL M&C_

_ l,|t? ALPHA_.tSS DCR

0 3o4Q0 AIL R_I

_] 4.95S

M498 MSFC

. • • • 0

SIDE SLIP ANGLE, BETA,

PARAMETR I C VALU[S

•SO. O00 OIL O.O00

O .000 (L[¥ Ta O.OOO

O .DO0

0

DEGREES

DATA HIST. C r-_)r t(

ARIIgBI 3 MODEL WgB2VI
(E38231)

R[F[R[NC[ |Nr_WaTION

LRCr S._,O0 IN.
Ifl[r 4.SgZO IN*

_MRP S.400O iN*
yMflP O*OOO_ _N.

ZIIIRP O.O000 IN.

SCALE Q.OOES

OG SEP 72 PAGE 305



LATERALDIRECTIONALSTABILITY

- • • O • O

SIDE SLIP ANGLE, BETA. DEGREES
ivNl_ NACN PAR&M_TRtC VALUI_S

t.lg_ ALP_ 3Q.Q_ D_Lt.tS$ OCR O.QOQ CLEVTR

0 $.4e@ &ILIII_N O.QQD

0 4.$SQ

OAT& NtST. C00[ *[

M496-MSFC AR11981-3 MOOEL

Q.OO0

Q.QOO

wgB2V I

REFERENC[ IN_OR_&TI_

SR[" ?.Y_S |_.|N.

BR_F 4.$_Q IN.
XNRP _.,OQQ _N.

YNRP Q.ODQ_ IN.

ZNRP O.QOQQ IN.

$¢&L[ Q.O_5

CE38231] 06 SEP 72 PAGE 306
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LAIERAL DIRECIIONAL STABILITY

l i
!i
i I
i I

: ! !

I Iill
I I

I:i
III
II:
I I I

J I !
I I
ili
I I I

| ! I

-$o

i
I
[
L

-4 -I 0 0 0 I

SIDE SLIP ANGLE. BETA. DEGREES
ll_ M6r_L NACH PARAMETRIC VALUI[ $

•. t$? &LP_A SO .ODD DEL! ._$S 0[_ O.OOO [I[VTR

0 _.4I¢_ AILR_N 0.000

• .S$9

DATA NEST. CruDE el;"

M_,S6-MSF C ARI l_Bl-:3 MODEL

Q, OOO

0 .ODD

W9B2Vl

i w i l

l

: :I S-
I

I

i ! :
i : i

i : i
_ i ;

ii :

: : 1

i : : J

I : : :

: : : i

i : : !

IIrIRENCE 1NrC_.AIION

IREP 4.SLID iN.

_NRP 1.4OOO IN.
YNRP O.OQDQ _N.

ZNRP O.O_O IN.

SCALE O.OOES

(E38231] 06 SEP 72 PAGE 307
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LIJ

u

LL
_J
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U

UJ

0
U_

J

x

ILl

LATERALDIECTIONAL STABILITY

lIV NllOil. IIACH

{_ t • It)1r| .!$1

0 i.4@Q

_ 4.g$1

M496-MSFC

I

i

o • -4 -II • O • Q

SlOE SLIP ANGLE. BETA. OEGREES
PARA;'_TI|C V4LUES

ALPHA 3Q.QOQ 0eL

O[R Q.OQO (L[VTfl

A1LIIION Q.OQO

0AT& #|ST. cO0 Ir *[

ARt 198|-3 MOOEL

O.OOO

O.O00

WgB2VI CE3823[ )

RE_(RENC( IN_ORNATION

SR(_ Y.?OQ$ Sl.|_.
LR[r 3,t?QO iN.

8R[_ 4.3120 |N.
XHRP _.4QQQ iN.

¥NRP Q.QO_Q |H.

Z_RP Q.O0_O |Ho

$CAL( O.o_it,

OG SEP "/2 PAGE 308



LATERAL D[RECIIONAL STABILITY

1
! i

, 1 I

2; !

it I

i

:: i

i

iA '

ii '

II

ii

ITM_P.4. NACH PARAHETRIC VALUES

$.1_T AL_HA IO.QO0 O_L
1.915 D_R Q.DOD ,L[VTR

O ].4tO A[LRON O.QO0

DATA HIST. CP_[ _[

H49G-_SPC ARII98I-3 MODEL

O. 000

O, DOO

VgB2V! (E3823I]

i

i

F.

I

J

,J

,_._/1

!li
[ I [

:!!
I

I

i

I

I

I tO

! .

.L __

!

I

l

|

I

_D

OG SEP 72 PAGE 309

IIPIRtN¢t I NIr(:_q_a?l_*i

IR[_ P._OQ! IG.IN.

llllEr 4._SlO IN,

• qDP 1.4DDD IN.

YNR_ O,OOOO _N.

_q4RP O.DDOD IN.

ICALE O.OO_S



LATERALDIRECTIONALSTABILITY
°IQ

$TI¢I)_(. NACM pARAI4ETR|C VALUe|

I.tQY ALPHA $0°000 D(L|.OIS O(R o.OQO _L[VTR

0 1.410 AILIIQN 0.000

0 4.gSg

OAT& N(ST* ¢_0[ eC

M498-MSFC AR11981-3 MODEL

-.t .11 .0 .0 °11 .| .11

LATERAL FORCE COEFFICIENT. CY

0.00q

0.000

REVERENCE |N rORNATICN

$R[V y.?QQ$ $4.(N.

_R(V I.t_QQ IN*

|R[W 4._llQ IN.
XNRP !.4000 I_.
¥NRP Q.OO_Q , IN.

ZNRP Q.OOQQ IH.

SEAL[ G.QQIS

WBB2Vl CE3823I) OG SEP 72 PAGE 310
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Z
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0
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r'Y
bJ

F-

.C
-J

L^IER^L DIRECIION^L SI^BILIIY

-.I

-.8

-.4

-.11

.O L r
F " -

..... i....

i

,4

*8

T {'-,,,

,11,

00

- a,|,. -'nuo ° • • -4 -t • 0 8

SIDE SLIP ANGLE, BETA. DEGREES
SYMCOL WACM PARAN[TRI¢ VALUES

t.t54 ALPHA SO.O00 OIL$.4S0 D[R 0.000 [LEVTR

AILN_N 0.00_

O.OOO

O.OQO

DATA HIST. ¢**JO[ ,It

M4SG-I"ISFC AR11981-3 MODEL WSB2 (E38221) OG SEP 72 PAGE 3)I



LATERALOIRECTIONALSTABILITY
.4t

M496-MSFC

OAT'& NTSY, ¢001[ *(

AR11981-3 MODEL WgB2

I •

BETA. DEGREES

(E38221 ]

4 •

06 SEP 72 PAGE 312
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I"rMBOL I'4A CH

_.405

ALPMA

DER

A|LmON

]

- s -s -4 -I I 0 •

SIDE SLIP ANGLE, BETA. DEGREES
PA8_ AMI_ TIq [ C VALU[ $

_10. 000 OIL 0,000

O.O00 I[LI[V Tfl O.OOO

O. O00

I_AI"A M[!IT. COO[ t[

_.9_-_.S_C AR1198I-3 MODEL WgB2 (E38221 ]

I

i

J

It

R[W[NINC[ I_OII_AT_

IRIW w.woos •a.tN.

LREW =.l?O0 iN.
• NEW 4.|910 |k.

INRP !.4000 IN.
TNNP O.O000 IN.

_RP 0.000o t_.
ICALE O.O0_S

OG SEP 72 PAGE 313



LATERAL OIRECIION^L STABILITY
• lIQ

.4|

*.tl

wgB2 CE38221 ]

4 • • tO Ill

OG SEP 72 PAGE 314.



LATERAL DIRECTIONALST^BILITY
• I_ i w i i
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i.

U
.tO

z
L_J
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LL .OQ
LLJ

E3

U
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X
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0
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[
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t

I
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I

r
[

I
I

i
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i
i
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I
I

*to

ITM_L HAC_

_ I.ss4 ALPMA
3.40Q OE_

i

i

-O -O -4 -I • II •

SIDE SLIP ANGLE, BETA, DEGREES
PAllAHr Ill 1 C V&LUI[ S

10.000 OIEL O,O00

G.OQQ IrLEVTIq 0,009

0.090

OATA HIST. Ct'_O[ t[

M49_-KSPC AR1198I-3 MODEL wgB2 CE38221 )

4 • • tO $11

OG SEP 72 PAGE 315



LAIERALDIRECIIONALST^BILIIY
o14

M496-MSFC

OAT& I.I[$T. ¢001[ eli

ARt 1981-3 MOOEL WgB2

• •

BETA, DEGREES

CE3822| ] OG SEP 72 PAGE 31G
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L^TER^L DIRECIION^L Sl^BILlIY
I,I

s I- .

- • O Ill •

SLIP ANGLE, BETA, DEGREES

0.0oo

0.0oo

W9B2 CE38221 ]

• • • i| II
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LAlERAL OIRECTIONkL SIABILITY
.4Q

&yMQ_4L. N&CH PARA_ETR|C VALUES

l.QSa ALPHA $O.0OO OILi.410 OCR O.QQO EL[VTR

A[LII_3_ O.OQO

OAT" MIST. ¢C_1C *[

,_t_96-_,SF C AR1198I -3 MOOEL

-1"-r-T-1

.- °

-ol .O .O .l .l

LATERAL FORCE COEFFICIENT, CY

Q.QOQ

Q.QQQ

• I .4 .I

w982 CE3822I) 06 SEP 72 PAGE
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LATERAL DIRECTIONALSTABILITY
.8

.@

Qr".

DEGREES

OATA N|$T. ['oor i[

AR1198I-3 MODEL W4B2V2 CE3B2BI ] 06 SEP 72 PAGE 319



LAIER^L DIRECIION^L ST^BILIIY
,4m

ML.96-MSFC

OAT& H[&T. ¢P_[ *(

ARIISBI-3 MODEL W482V2 CE38281)

4 • • zo 1•

06 SEP 72 PAGE 320
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LAIERALDIRECTIONALSTABILIIY
.t:t

SYW_r_L WACM

_SG-MSFC

ALPMA

D£R

Albm_,..,N

- • - i -4 -8 • •

SIDE SLIP ANGLE, BEIA, DEGREES

PANAWtTR IC VAL_q_s

30 .ooo DIlL O.OOO

Q.000 I[LI[VTR O,QQO

0. 009

OATA MIST. cr_[ i_

ARIISBI-3 MODEL W482V2 [E38281)

NCW[R[NCL INFOIIWATI(>N

SN[r 4,t3tY tQ.IN.
LR[F t.8_89 IN.

lilt $.7200 IN.

XWRP Io409_ IW.
YNRP Q.QO00 IN.

_P Q,O00_ IN.

SCALE Q.90_5
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LATERAL DIRECTIONAL STABILITY

• ?1'_"'_4. WACH

4.9S_ ALPMA

DIN
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I I

r

l l
i i

!

!

i
I

l
[
I
!

i

. iT"
r-"

[

i ,

! i

i i ]
• • 4

SIDE SLIP ANGLE. BETA, DEGREES
I_RAm[TR I ¢ ¥ & L_I[ S

• Q.QQO DICk Q,OQ_

Q .00_ EL_VTR O,QOQ

0._

O&TA N[ST. C_Ol[ _,lr

_g8-MSFC ^R] I_81-3 MODEL W_B2v2

Bm[V _._0_ IN.

SCALE Q.QO_S

CE382BI] OG SEP 72 PAGE 322
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LATERAL DIRECTIONAL $1ABILITY

DEGREES

O&T& Iq|ST. C_'.'O[ lit

ARI IS8I-3 MODEL W482V2 [E382813

4 • • tO tI
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OAT& NtST. COOl[ eli

AR11981-3 MODEL W482V2 CE38281 ]
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I l !
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!,I

!II

_E_[R(N(( INrO_NATtON

SREF 4.9_27 S4.tN.
LREP I.OSOO IN.

XNRP _.40_ IN*
Y_P 0.0000 IN,

ZNRP Q.OQOQ [No

SCA_[ Q.O0_$

06 SEP 72 PAGE 324
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LATERAL DIRECTIONAL SI^BILITY
I,Q

SYN_OL HACH

_) 4.1Sg

M_86-_SFC

ALPHA

DER

AILRC,_

- • -e -4 -It • It

SIDE SLIP ANGLE. BETA. DEGREES
PARAMETM %C VALU£S

SO .000 OI_L O.OOO

O.OOO IrL[VTR O.OQO

O.OO0

OATA MIST. CO01[ *1[

^R1188I-3 MODEL _'4B2V2 CE3828I ]

i|r[ItN¢[ |#rOIIHATt¢N

Igl¢r 4.9_? SQ.IN.
LR[r I.etSO iN.

IR[_ ".?tO0 tH.

XNR_ 8.4Q0_ tk.
Y_R_ O.O_QO IN.

SCAb[ a.OQ_S

L

06 SEP 72 PAGE 325
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U
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llYmlOL MACH

C} 4,9$9

M496-MSFC

PARAMETRIC VALUES

&LPHA 30.000 OEL

OI[R O.OOO [L[¥TR

&ILIle_ Q.QO0

O&TA MIST* C'20[ eli

ARt 198[-3 MODEL

-.II

LATERAL FORCE COEFFICIENT.

O.OOO

°.OOQ

_[_(R[NC[ [NFONNATI _N

SR[_ 4.S3Z? SG.[N.
LR_ t.ege9 IN.

0_(_ 3.?_Q_ IN.

_WRP Q.OQOQ tN*

ZNRP _.00_Q IN.

$¢AL[ Q.QQIS

W4B2V2 CE3828I] 06 SEP 72 PAGE 326
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LATERALDIRECTIONALSTABILITY

8'rM_OL NAC_t

1.954

0 _o4eO

[_ 4.959

M496-MSFC

- 4

PARAM[TR|C VALUES

AlL,ON 0o0_0

-- • • 0 • 0

SIDE SLIP ANGLE, BETA. DEGREES

0. OOO

0.000 !

OAT& MIST. Cr_[ t[

ARI1981-3 MODEL WgB2Vl (E3823J)

• 4 • • iO L"

OG SEP 72 PAGE 327



°.Sll

04 -Ill • IS 0 •

SIDE SLIP ANGLE. BETA. DEGREES

8TW_II. NACN P&RAI41ETNt¢ ¥&LUC$

(_ t.%'l_ ALP_& SO.OQQ OCL|.$g4 O(I Q.OOQ EL[VT_

0 S.4SQ AILflQN O.OQQ

0 4.0S9

STABILITY

OaTA _IIT. COOl *[

ARI1981-3 MODELM4S6-MScC
WgB2Vl (E3823J]

-F

-r

-I

.--4

.--*

m

m

m
M

4 I • CO Ill

_[@(R(N¢[ tN_¢RNATI¢_

$AE_ T.?QOS $4._.

LR[r 3.1?QQ IN.
BA[V 4.$t@Q IN.

XMmP @.40_0 |N.
Y_RP Q._OQQ |N.

06 SEP 72 PAGE 328



L j

STM_L MAC_ PARAMeTrIC VALUES

1.194 ALPMA IO,O00 O(LI.S$4 0(_ 0.00_ [LEVT_

3.41_ AILR_ 0.000

[] 4.gSg

J
-4 -I • • O •

SIDE SLIP ANGLE. BETA. DEGREES

0 .DO0

0. 006

OATA NIST. ¢OOE ei_

_g_-MS_C AR11981-3 MODEL WgB2V I (E3823j ]

REP[RENC[ IN_OI_N&T|O_

SI_ ?.?QOI I_.IN.
LI[F 3,t_O0 %N,

I_[_ 4.1StO IN.
XNRP 1.400Q IN,

YkRP Q.QQO0 IN,

_¢R@ Q.QO00 IN.
$C&L[ 0.60_5

06 SEP 72 PAGE 329



LATERAL DIRECTIONAL STABILITY
.eQ

u

,41

.4Q
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z

Sy_(. WACN

t . | t)4 At.P_lAS .S$4 O_R

3.4eO AILAON.

[] 4.s$11

DATA MIST. ¢_0[ *[

_496-MSFC AR119BI-3 MODEL

*Q -4 * 8 O • Q •

SIDE SLIP ANGLE. BETA, DEGREES

PAA&M(TR | ¢ V&LU($

SO.OQ_} O(L O.OOQ

0.000 ELEV I"R 0.000

0. OO0

W9B2V I CE3823J) OG SEP 72 PAGE 330
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SIDE SLIP ANGLE, BETA. DEGREES

STM_OL WACH PARANETRIC VALUES

1.1_4 ALPMA SO.•O0 OIL1.0S4 O(R •*•00 [L[VTR

O 3.400 AILR_ dN 0.000

OATA MIST, CO0( eli

M496-MSFC AR11981-3 MODEL

O.O•O
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W982Vl (E3823J )
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• aTA _[ST. ¢_E e[

_<DG-MSFC ARIIS81-3 MODEL W982Vl

I I I !
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Q •

BETA, DEGREES

(E3823J)

!

I

I

-i
|I

IIrKREN([ IN_OAMAT|O¢¢

SR[_ ?.?OO$ SQ*IN.

IR[_ 4.31_0 IN.

_MR_ _.4••• IN.

ZWRP •.•00• iN.

SCAL( •.•O_S

OG SEP 72 PAGE 332
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(. }

-S .$

S'r M_OL NAC_

| ,s_4

O $ .4eo

[] • .1)59

_4£6-_SFC

i

[
L

° •

I
-4 -I 0 O 0

SIDE SLIP ANGLE, BETA,
PARAH[TE|¢ VALU[$

ALPHA SO.ODD •EL

• _R D.OQO [LEVTA

AILR_ O.OOO

•.o•o

DATA MIST. COOl a[

AR11981-3 MODEL WgB2Vl

0

DEGREES

CE3823J )

_W[R[NC[ INF_HATION

LR[W _.%?•O iN.

IR[_ A.$t_• Ik.
X_RP I.AD_• tH.
THRP •.•OQO IN.

ZHRP •.ODD• IN.

8CALl •.QO_S

OG SEP 72 PAGE 333



LATERAL DIRECTIONAL STABILITY
,41

,11
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( -.11
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-.110

- .1111

o .40
-.e -.I -.4 -.I -.11 -,t

lTl'lll_l. I,IACW PARAN( 1"11IC VALUES

(_ 1.11'4 AL P'MA $Q .QO_ OI[LI . '11$4 Drill Q,OQQ rLIrV Tll

0 $ .410 41 t.IIQN Q,QOQ

(_] " 4.1191)

OAlr4 NIST. ¢r..,OC 4,1[

M,_,gG-NScC AR1198I -3 MODEL

.l_J_L;

: I
I--F,!-:/
i' i_
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LATERAL FORCE COEFFICIENT. CY

O ,OOQ

O, QOQ

WgB2V i (E3823J ]

.I .3

i
?

i
L

.4

RE_ERENC[ [NrONNAT[_

L_(_ $.%?_0 IN.
I_[_ 4.$_ IN*

X_flP I._0_ IN.
YMRP Q.OOQO IN.

SCALE O*QQ_S

OG SEP 72 PAGE 334



LATERAL DIRECIION^L ST^BILIIY
.G

• 4

DEGREES

CE3828J ) D6 SEP 72 PAGE 335



SIDE SLIP ANGLE. BET^. DEGREES

I¥1'_'J_ NA_N PA_AW_T_IC VALI.I_S REVERENCE IN_O_AT1 '_4

4, _59 AL_NA 5Q.QQQ O(L Q.OOQ LNE_SRE_ 4._3_I.I_IQ , S@.[N.IN.

OEI 0,000 [k_¥TR Q,OOO IR[_ _.?2gO IN.

AI_R¢_¢ O.OOO X_R@ 1.aOOO .IN.
YWRP _,OQDQ IN.

ZW_P _.QDO_ IN,

SCALE O,DO_$

OATA NIIT, ¢_O[ It

M49G-MSFC AR11981-3 MODEL W4B2V2 CE3828J } 06 SEP 72 PAGE 336
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LATERAL DIRECIION^L ST^BILIIY
.It

4 • • |Q 1Lt
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LATERAL DIRECTIONAL STABILIIY
,IT

tTNB_L. NACH

_) 4.9S9 ALPHA

O[R

AILII_

- • - • -4 - | 0 •

SIDE SLIP ANGLE. BETA. DEGREES
PARA_TR IC VALUe S

$0.000 DEf. O,OOO

O. OQt3 IrL[VTII O.OOO

O. OOO

O&TA MIST. ¢00 r eC

_z.gS- MSF C ^R11981-3 MODEL W482V2 (E3828J ]

4 t • 10 1|
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L^TER^LDIRECTION^LSIABILITY
.it•

s,r NEOL NACM

4.tSg

-Io - • - • - 4

SIDE SLIP
PANAN[TN I C VALU_ S

ALPMA SO. OO*'J O IrL 0.0OO

DI[R 0.OO0 IrLI[YTR 10. DO0

At LRrJN O.O0o

-t

ANGL E.

OaT& )'lIST. C _-_D[: elf

AR1198l-3 MODEL W4B2V2

DEGREES

[E3828J ) OG SEP 72 PAGE 339



LATERALDIRECTION^LST^BILIIY
.t4
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I_ oqIQ
0

l.l.I .QI
U
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I_. .•4

J

X ._I

b_
far) .oI

O0

.Ii

- ,or

°.GI

svwIi_>_ NACH

(_ 4.U$1

Y496-MSFC

-tQ ° il - • - 4 - •

SIDE SLIP ANGLE,

PAll AIq_lll I C VALUI[ S

ALPHA SQ.OQO O_L Q.QC_

OCll Q,QQQ IrLIrVTII Q.QQQ

A | I.JIICN O.OO0

OATA NIST. C_O( *[

ARt 1981 -3 MOOEL W4B2V2

Q •

BETA, DEGREES

CE3828J]

4 • • tO t8

A(PEA(NC( [N_ORNAT|CWW

_nEF 4.t_2' SG.tNo
LR(W _.e_60 IN.

YMRP O,OQQ_ _.

Z_RP D.OQOD |N.

06 SEP ?2 PAGE 340



L

LATERAL OIRECIIONAL SIABILIIY
i.I

II •

BETA. DEGREES
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LATERAL OIRECIIONAL STABILIIY
,6m __- !

M496-MSFC

OATA HIST. C001£ 01_

AR I1981 -3 MODEL

O .QQQ

O .QQQ

w482v2 CE3828J )

.I

H_V{RENC{ INVO_NATI(_q

SflEV 4,_3_? SO.IN.

LREV _,0280 IN.
BREV _.?_Q IN,

XH_P _.4_D_ IN,

YWAP Q.QQQQ TH,

Z_4_P O,QQOO iN.
SCALE Q,QO_$
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SIDE SLIP ANGLE. BETA. DEGREES
=TNBOL MACH PARAICETRIC VALU[S

O.Sl9 ALPHA - IO.O@O DEL O.OOO
O.IOO O(R O.OO@ "L[VTR O.OOO

O t.OOl alLRON O.OO@ CANARD O.OOD

[] t.l,@

_gB-MSFC

DATA HTST. COOl[ el[

ARllgBi-3 MODEL WGB201 IC12V2 (E384IL)

• m_ 4.I,,$ I@.l_*
L_l[W S.I_@@ iN.

X_R_ 1.400@ iN.

TNRP O.O000 TN.

_RP O.QDO@ TN.
_C&kl[ @.00I$

06 SEP 72 PAGE 3_J3
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-'--'- -t-t-t-
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I,---,*---I--

-4 -I • 0 • •

SIOE SLIP ANGLE. BETA. OEGREES
iY MICL #a¢_ P4RAM(TR t¢ VALES

O.$tt ALPN& ° 10.000 D_LQot_ O(m 0.000 lk(VTI

0 | .Oa_ alia v_4 O.OOO CAN4RO

O I .Ill

O&TA MIST. COO( _l

M4cjG-MSFC AR11981-3 MOOEL

O.O_

O.O_

0. OOO

R(_[R[N£( _NrOR_aT|ON

SRE_ 4.lZZ$ I4.[N.

I_EV 4.$000 ;_.
I_RP !.4000 t_-
¥NRP 0,00_0 _N.

Z_RP 0.00_0 IN.

SCALE 0.00_$
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LATERALDIRECTIONALSTABILITY
°tl

IvWGOL HACH

0.100

_ 1.001

D !.10e

M49G-_,SFC

-to - • - • • 0 0

SIDE SLIP ANGLE, BETA,
PARANITR I C ¥AL_/_$

ALPHA - 10.000 0_L O,OO0

D[R O.OOO [LEVTR O.DQO

AI LN_N O.OOO CANARD 0.0OO

8ATA H[ST, COO( t(

AR11981 -3 MODEL WGB201 IC12V2

0

DEGREES

(E3841L]

RRWEmENC[ INrCWI_ATICWN

LIE_ |.|]iO IN.
IREW 4.1000 |W.

IWRP 1.4OO0 IN.

YNRP •*OOOQ IN.
Z14_P O.OOOO |N.

&CALE O.OQ2S

OG SEP 72 PAGE 345
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SIDE SLIP ANGLE, BETA,
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^R1198I-3 MOOEL WGHB2CI2V2 CE3840J)
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R(_I_ENC[ INT_IWAYION

SREF 4o1225 14.1N.
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XWRP Z.4_Q0 IN,

YWRA _.QQOQ IN.

ZWRP Q.QQQQ IN*

ICALE 0.0QIS
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SIDE SLIP ANGLE, BETA, DEGREES

PARAN(TR IC VALiU[ $

tS.OOQ DI[L Q.QQO

0,00_ •LI[V TR Q.QQQ

0.000 CANARD * :PO. QO0
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LR[_ t.S$4G IN.

8N¢_ is.SO00 IN*
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ALPNA 30. OOO OIrL O. OOQ
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ARI 19B[-3 MODEL WGHB2CI2 (E3835[
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OG SEP 72 PAGE 452
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CE 383GJ 3

4 • • Io 111

OS SEP 72 PAGE 45G
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OATA I,IIST. erA)f" t[

AR11981-3 MODEL WGHB2C12 [E3836J]
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D(R 0.00Q tLtVTR O .000

A I LR_.44 O.OOD ¢&NARO " •9.0_9

DATA HIST. Cr_O[ II_

AR11981-3 MODEL W6HB2C 12

• •

BETA, DEGREES

( E 3B3BJ )

• • • IO II_

R[F_R{N¢[ IN_ONHAT|ON

SR[_ 4.••Z_ •@.iN.
Ll[r i.|3iO IN.

_R[r 4._OD_ IN.
NNRP •.4QO_ IN.

YWRP O.ODO_ IN,
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XNNP _.4QQO IN.
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ZWN_ Q.OOOQ IN.
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-e -e -4 -• O •

SIDE SLIP ANGLE, BETA, OEGREES

PAA&_I[TR lC VALUI_ S

IS .OOO OIL O.O00

O .OOO ELEVTR O.O00

O.OOO CANARO - lO. 000

OATA NI|?. ¢¢01[ t[

ARt 198I-3 MODEL WgB2CI2VI CE3825H)

4 • • 1.0 tl

06 SEP 72 PAGE 464
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Y49_-MSFC

OATA titS?. C¢'JOF" tr

ARt 1981-3 MODEL WgB2CI2VI

0 •

BETA. DEGREES
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I.IIY ALPHA |S.OOO OIL O.OOO

DE# O.OOQ _LEVTR Q.QQQ

&ILION O.OOO CAN4RO - _Q,QQO

"4 -e I I

SIDE SLIP ANGLE, BETA, DEGREES

OaTA HIST. C**_O[ _[

_4S6-MSFC ARI ICJ81-3 MOOEL WSB2C 12VI

II

• [V[R[N([ [NVORN_?I(W_

$R_V ?.?QO$ IQ.IN.

LREV 3.17QO IN.

B_[_ 4.35_Q IN.

X_RP 1.4OO_ IN.
YWRP Q*OOQQ IN.

SCALI O.QQ_$
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DATA MIST. CC¢1[ t[

^R11981-3 MODEL WgB2CI2VI

DEGREES

[E3825H) 06 SEP 72 PAGE 467
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DIRECTIONAL STABILITY- EFFECT OF CANARDS

ST M@,'_ NACM

{Z_ I . 1)SlP

_496-_S-'C

-IO - • * • * 4 - II O

SIDE SLIP ANGLE. BETA.
PA•AMI[ TR IC VALUIr :5

ALPHA IS.QQO O[I. D,QDQ

Ol[ll Q .QOO I[LIr V 7 Mi @ .@QQ

i l LIIrJN O.OOO CANARD - i0 . 000

OAT& HIST. CPJOI[ lilt

ARt 1981-3 MODEL WBB2C 12V i

DEGREES

CE3825H}

4 • • tQ l•

m|_[R[NC[ [NrOAWATICWN

_[r ?*?OOS @@,IN.

LR[P 3.t?Q@ IN*

XW_P 1.4@Q@ IN*

Y_RP D.@O@@ IN.
ZWRP @,Q@QQ IN.

$¢AL[ Q.@O•$

06 SEP 72 PAGE 468
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|.Q

! s

SYMBOL NACH

I.gS? ALPHA

OEA

AILR_.*,e_4

- • - Q -4 -8 0 •

SIDE SLIP ANGLE. BETA, DEGREES

PARAMETRIC VALUI_ S

IS .000 OlrL O.OOO

O.OO9 ELIrVTR O.O00

O.OOO CANARD - IO .OOO

DATA MIST. CC_( SI[

ARL ISBI-3 MODEL WBB2C 12VI CE3825H )

4 • • |o tl

REPERENC( INFORMATION

INE_ Y.,OOS IO.IN*

kREP '.I'00 IN.

IRE_ 4°3g_0 IN.
XMRP t.4000 IN.

YMRP 0.0000 IN.
_RP 0.D000 IN.

,EAL[ O.OO@S

M49& MS_C OS SEP 72 PAGE 4GS
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L^TER^L FORCE COEFFICIENT, CY

PARANI[TmlC VALUI[S
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OI[R O,QOO [L[VTN O.QQO

AILR'*JN G.Q_ CANAAO - IO°QOQ

DATA Nll'r. _1_ ll[

^R11981-3 MODEL WgB2CI2VI CE3825H}
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XN_P 1.400Q I_*

YWRP Q,Q_QQ LN.

ZNmP Q.QQ0_ IN.

&CAL_ Q.OQ_S
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DATA HIST. C_JO[ t[
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AR11981-3 MODEL W4B2C 12V2
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BETA. DEGREES
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• • I0
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DATA MIST. COOl er

AR11981-3 MODEL W4B2C 12V2
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(



LAIERALDIRECIIONALSIABILIIY-EFFECTOF CANARDS

$TMBOL MACM

t *SSS

v4e6-F'S: C

-1o _ • . • - • 0

SIDE SLIP ANGLE, BETA,

PARAN[ TA[C VALUlr S

ALPMA 15 .ODD DI_L O.OOO

DER O.OO0 I[L[VTR O.OOO

A| LRON O,OOO CANARD ° 20.000

DATA MIST. Cf'_Ol[ *[

ARI 1981-3 MODEL W4B2C12V2

DEGREES

[E3830H)

R[FtR[N¢[ |NrORNATION

IREF 4.t$1Y S_.IN.

LREr I.I,OQ IN.
• Rt_ •.?tO_ IN.

XWRP I.AO00 IN.

YNRP 0.00_ IN.

IWRP 0.0050 IN.
$¢&kE O.GOZ$
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SIDE SLIP ANGLE,

PARAM[TR I ( VALUES

ALPHA ,.5.D00 OIL O.ODD

D_ 0.D00 I'Ll[ V TR O.DDO

A [ LR_N O.OOO CANARD - ID . OOrl

DATA HIST. Cr.sOl_ *[

ARt 1981-3 MODEL W4B2CI2V2
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([38t?A) _ W4tG-_$R¢ AAttge|-$ I$-.O[L

(Z3eLTS) /_ _496-MSrC ARttge1-$ *$30[L _B_Ct_V_,WAX _A|RING$

0.0 0.| &.O 1.S !.0
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lll[?a ELI[VTR CANARD

W_2Ct _Vl_ 0.000 0.000 O.O00
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DATA S(T SYmbOL CONFIGURAT|_ O[$CRIPTION

(13801A) _ _49_-MS_C ARI1_el-3 *eOO[L

([3802_) _ _496-MSrC ARltge[-_ _EL

(1380_A) _ M49_-MS_C &Rlt_SI-3 NOO_L

_[_ml_A) _ N4_6-MSrC &_1%_81*3 Wr._D[L(13e4_: W4_-MSrC ARII_OI-3 Nr_D[L

_EEVZ

W_I_CS_VE
WS_ItCt_VE

J

I,I |.O

MACH NUMBER

SET& [LEVTR AILfl_4_ CANARD

O.OOO

O,OOO O,OOO LR[r

O.OOO Q.OQQ 9.009 IR[r

O,QQQ O,OOO O.O0O O.OOO X_RP
O,OOO O.OOO O.OO9 O,OOO YNRP

Z_RP
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(13e_QA) _ N496-_Sr¢ AR%1961-3 MOOEL
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W[TA [L[VTm AILRON
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O.O00 O.OOO 0,000

R|f|R[N¢[ INrOIIWAII_N

IR[_ 4.lIES tq.lN.

LR¢r t.SSSO IN.
|_[r 4._000 IN.

X_RP !.4000 IN.
YkRP 0.0000 IN.

ZlqRP 0.0900 IN,
$¢AL_ O.O0_S
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_WRP Q.DQOQ IN.
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ICALE O._Oll

_!_ O,QQQ -$O,OOO O.QQO

Iw_8_C$1VI O.OQO Q.QQQ O.DOO
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PABAM[TRIC VAL_4[$

BETA O.OOO OIL O.OOO

OER O.DO0 [LEVTR 0.000

AILRr_N 0,000 CANA_O O.O00

DATA MIST* C_O[ II[e[F

M49G-HSFC AR11981-3 MODEL

l.ll

MACH NUMBER

W6HB2C12V2

I.O i.S 4.0 4.S I.o

[ 13837A )

RIL*'IrER[NC[ %N_'C_MATI'ON

l_q,r A.1215 la. IN.

LR,_ t.|]ao IW.

Imt_ 4.1Ooo IW.
BWRP |.40O_ lB.

¥NBP O*OOO0 |W.
ZIqRP O.OOOO Ik.
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R[r[RENC[ [l, rOllmaTtON
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MACH NUMBER
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TNRP O.0000 _N*
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06 SEP ?2 PAGE 555



D
L_.
,(
,(
U ,4

U
.,(
I-.-
I'--

h
Q

.l
uJ
_J

Z

O ot

N

I,--

Z
_J

U

U.
_J
0
U

_j -.I
U

0

-J -°1

X

LONGITUDINALSTABILITY AT ALPHA=O.DEGo
• I " • ! ! • ! ; ; f i F

; ' i i i

.I

• i

-.4 -

I I i :

i i _ I [

!

r

i

A

• i

/,
/
f

i

!.

I

J

t.o

PANAm[TNI¢ VALUES
BE Y4 Q.OOO OEb O.OOO
O[N Q.OQO ELEVTN O.OOO

AIUt"3N Q.OQQ CANANO O.QO_D

[[
[

L
i
i

i

i

!

I1.|

MACH NUMBER

OAT& HI&T. COO( ltE_(Ir

M496-MSFC AR11981-3 MODEL WSHB2C 12V2 C13837A )

T

I

I

I

iL

I

i i ! !

L L

[

T

[
L
[
[
r

L
I
[

' 1

r i I •
, , , -

i i

i '
! 2._

I !
I ,

! ,

i :

, !

i :

i :
I :
[ :
! ,

i ;
! :

! ,
i :
I :
1 :

I 1
J, J

4, I • ._

N{_(M(N({ TNffOIINATiON

_N(W t.531_ IN.

XWNP 1.40DO IN.

ZWRP Q.Q_Q IN.
_CAL( O.O0_S

06 SEP 72 PAGE 556



D

b.

L_

U

e

U

t--

t--

(.L
0

.J

L_

Z

O

fr

L._
N

F--

i,i

U

I.L

*,1
0

U

D

X

>-
D

Q
rn

t_

0
i,

LONGITUDINAL STABILITY AT ALPHA:O. DEG.
,$

PAAAN[TRIC VALUES

8ETA 0.000 DEL O.OOO

D[R O.OO0 EL[VTR O.OOO

AILR_WW O.O00 CANARD O,OOO

DATA MIST. ¢00{ AE*CF

M49G-MSFC AR11981-3 MODEL

m.l

MACH NUMBER

WGHB2C1 2V2 ( 13837^ ]

REWE_RNCE INtrC)_NAT[Cw_

ill[r 4.Q2_S EQ.IN.

LREF t.$]SD IN.
ER[V 4.]000 IN.

XNRP 1.4OOO |k.
YNRP O.O00D |k.

ZWRP O.OOOO IN.

SCALE O.O0_S
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